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Both the root and shoot growth of in vitro cultured bud 
explants of Manihot esculenta Crantz could be improved by 
manipulating the concentrations of a number of inorganic 
constituents in the medium of Murashige & Skoog (1962). 
Studies with different cultivars using both Murashige & 
Skoog and a devised medium indicated that each cultivar 
apparently has its own specific nutrient requirements for in 
vitro culture. 
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Seide wortel- en lootgroei van in vitro-gekweekte knop-
kulture van Manihot esculenta Crantz kon verbeter word 
deur die konsentrasies van 'n aantal anorganiese 
komponente in die medium van Murashige & Skoog (1962) 
te manipuleer. Studies met verskeie kultivars waar beide 
Murashige & Skoog en 'n hersiende medium gebruik is, het 
aangetoon dat elke kultivar skynbaar sy eie spesifieke 
voedingsvereistes vir in vitro-kultuur het. 
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Introduction 
Cassava (Manihot esculenta Crantz) is a tropical perennial 
shrub which produces root tubers with a high starch content. 
Apart from being used as a food crop it is also used for the 
manufacture of soap, plywood, acetone, glycerol, glucose, 
dextrose (Bajaj I977) and more recently for the production 
of ethanol (Harris & Doggrell I984). Recently this plant has 
been introduced into South Africa for industrial purposes. 
It is propagated vegetatively and a number of in vitro proce-
dures are employed for crop improvement (Shanin & Shepard 
I980, Kartha eta/. I982, Roca I984)_ Currently the inorganic 
medium of Murashige & Skoog (MS) (I962) is used for apical 
meristem and axillary bud culture_ While considerable atten-
tion has been paid to the organic additives of this medium 
(Eskes et a!. I974, Prabhudesai & Narayanaswamy I975,. 
Parke I978) little attention has been paid to the inorganic 
constituents. The only inorganic component which has re-
ceived attention is nitrogen. Parke (1978) investigated the 
nutritive value of different nitrogen sources on callus cultures. 
This paper reports on attempts to determine the optimum 
requirements for both macro- and micro-nutrients for the in 
vitro culture of cassava axillary bud explants. 
Materials and Methods 
Plant material 
Clonal material of Manihot esculenta cv. MVEN 25 was used 
throughout this study_ Young, non-lignified shoots were 
removed from the parent plants and the leaf lamina was 
removed, leaving the petiole base intact. These explants were 
surface sterilized for 5 min in 3,50Jo sodium hypochlorite, 70% 
ethanol and 0,2% mercuric chloride respectively_ After being 
rinsed three times in sterile distilled water the explants were 
dissected from the sterile tissue. Each explant comprised 4 to 
5 mm lengths of a node containing a dormant axillary bud 
and a I to 2 mm portion of the petiole base. The basal 
portions of the explants were placed in contact with the 
nutrient medium_ Thirty explants were used per treatment. 
The cultures were maintained at 27 ± 2°C and a I6-h photo-
period_ The light source was cool white fluorescent tubes with 
a spectral irradiance of I, I5 Wm- 2 (380- 750 run)_ 
All experiments were randomly designed and differences 
between treatments were detected by the Duncan multiple 
range test at a 95% confidence level (Snedecor & Cochran 
I967). The cultures were incubated for 60 days and their 
growth estimated by fresh and dry mass determinations of 
the roots and shoots_ For dry mass determination the material 
was dried to constant weight in a forced draught oven at 50°C. 
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Culture medium 
The basal medium (BM) used was that formulated by Kartha 
eta/. (1974) (Table 1). This medium included the inorganic 
nutrients of MS supplemented with the vitamins of the B5 
medium (Gamborg eta/. 1968), sucrose (20 g dm- 3), benzyl-
adenine (BA) (0,5 J.LM) and !-naphthalene acetic acid (NAA) 
(0, 1 J.LM). The medium was solidified with 10 g dm- 3 agar 
and it was adjusted to pH 5,7 prior to being autoclaved. 
Experimental media 
Thirteen experiments, in which the concentration of one 
element was varied at any one time, were conducted. These 
experiments included all the macro- and micro-nutrients with 
the exception of S, Cl and Na. Changes in the concentration 
of a specific element resulted in changes in the concentration 
of the counter ion moiety. In order to limit such changes to 
a minimum the experiments were planned so that the variation 
in ion concentration was largely accqunted for by sodium, 
sulphate and chloride. These adjustments were done for the 
experiments with nitrogen, potassium, phosphorus and iron 
(Tables 2 to 5). In the other experiments the counter ion 
concentration varied to the same degree as the nutrient element 
under investigation. The nutrients were tested at the following 
concentrations: N03- (0; 10; 20; 30; 40 mM), N~ + (0; 10; 
20; 30; 40 mM); Pol - (1; 2; 4; 8; 16 mM); K + (5; 10; 20; 
40; 80 mM); Ca2+ (1; 4; 8; 16 mM); Mg2 + (1; 2; 4; 8; 16 
mM); Fe2+ (50; 100; 200; 400 mM); Zn2 + and I- (0; 1; 4; 
16; 64 mM); Mo6 + (0; 0,25; 1; 4; 16 mM); Mn2 + (0,25; 1; 
4; 16 mM); Cu2 + and Co2 + (0; 0,025; 0,1; 0,4; 1,6 mM), 
and B3 + (0; 2; 8; 32; 128 mM). 
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Table 1 Composition of the stock solutions and basal 
medium used for the culture of Manihot escu/enta 
axillary bud explants in vitro 
Stock Basal medium 
Mass of Volume Concentration 
Concen- compound stock 
Nutrients tration dm - 3 dm - 3 mol dm - 3 mg dm - 3 
Macro M 
NH,N03 2 
KN03 2 
CaCh.2HzO 
MgS0 •. 7HzO 
KHzPO. 
Micro mM 
H1B03 I 
MnS0 • .4HzO I 
Znso •. 7Hz0 
cuso •. 5Hz0 o, I 
Naz MoO. 2Hz0 0,1 
CoCh.6HzO 0,1 
Kl I 
Feso •. 7Hz0 
Naz.EDT A.2i-hO 
Organic 
Myo-inositol 
Nicotinic acid 
Pyridoxine.HCl 
Thiamine.HCl 
BA 
NAA 
Sucrose 
Agar 
0,812 
0,486 
2,96 
0,1 
1,0 
g 
160,1 
202,2 
I 10,9 
246,5 
136,0 
mg 
61,8 
169,0 
287,5 
24,9 
24,2 
23 ,8 
166,0 
278,0 
372,2 
100 
100 
1000 
22,5 
18,6 
cm3 
10,3 
9,4 
2,9 
1,59 
1,25 
100 
100 
29,9 
1,0 
10,3 
1,05 
5,0 
100 
10 
10 
10 
5 
0,1 
mM 
20,6 
18,8 
2,9 
1,59 
1,25 
11M 
100 
100 
29,9 
0,1 
1,0 
0,105 
5,0 
100 
100 
555 
8,12 
4,86 
29,6 
0,5 
0,1 
58,4 
1650 
1900 
440 
370 
170 
6,2 
22,3 
8,6 
0,025 
0,25 
0,025 
0,83 
27,8 
37,3 
100 
I 
10 
2000 
1000 
Table 2 Formulation of the potassium treatments and the variation of other ions in the 
experimental media 
Potassium 
concentration 
(mM) 
5 
10 
20 
40 
80 
Nutrients 
KN03 
NH.NOJ 
NaN03 
NaHzPO. 
Other 
Total 
KN03 
NH,N03 
NaHzPO. 
Other 
Total 
KN03 
KHzPO• 
NaHzPO. 
Other 
Total 
KN03 
KJhPO• 
KCI 
Other 
Total 
KN03 
KCI 
KHzPO. 
Other 
Total 
Nutrient 
stock 
(M) 
2 
2 
2 
2 
2 
2 
2 
2 
Volume Concentration of nutrients in medium 
stock dm -J _________ (m_M_) _______ _ 
2,5 
14,7 
2,5 
1,25 
5,0 
14,7 
1,25 
9,4 
1,2 
0,05 
9,4 
1,25 
19,95 
9,4 
59,95 
1,25 
5,0 5,0 
29,4 29,4 
5,0 
1,25 
68,8 29,4 39,4 1,25 5,0 
10,0 10,0 
29,4 29,4 
1,25 
68,8 29,4 39,4 1,25 10,0 
18,8 18,8 
1,2 1,2 
0,05 
20,6 20,6 
60,2 20,6 39,4 1,25 20,0 
18,8 18,8 
1,25 1,25 
19,95 
20,6 20,6 
60,2 20,6 39,4 1,25 40,0 
18,8 18,8 
59,95 
1,25 1,25 
20,6 20,6 
60,2 20,6 39,4 I ,25 80,0 
5,0 
1,25 
0,20 5,98 
6,45 5,98 
1,25 
0,20 5,98 
1,45 5,98 
0,05 
0,20 5,98 
0,25 5,98 
19,95 
0,20 5,98 
0,20 25,93 
59,95 
0,20 5,98 
0,20 65,93 
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Table 3 The formulation of the nitrogen treatments 
and the variation in the chloride ion concentration in 
the experimental media 
Volume of 1,0 mM 
Treatment stock added to 1,0 dm3 Concentration in 
(mM) medium (cm3) medium (mM) 
NH4Cl KN03 NH4Cl KN03 KCl Total N Cl- K+ 
0 0 0 0 40 0 46 41,25 
10 10 30 10 36 
20 20 20 20 26 
30 30 10 30 16 
40 40 0 40 6 
10 0 10 0 40 10 56 41,25 
10 10 30 20 46 
20 20 20 30 36 
30 30 10 40 26 
40 40 0 50 16 
20 0 20 0 40 20 66 41,25 
10 10 30 30 56 
20 20 20 40 46 
30 30 10 50 36 
40 40 0 60 26 
30 0 30 0 40 30 76 41,25 
10 10 30 40 66 
20 20 20 50 56 
30 30 10 60 46 
40 40 0 70 36 
40 0 40 0 40 40 86 41,25 
10 10 30 50 76 
20 20 20 60 66 
30 30 10 70 56 
40 40 0 80 46 
The devised medium was formulated from the concentra-
tions of the inorganic nutrients which gave optimal root and 
shoot growth of the axillary bud cultures in each experiment 
(Tables 6 & 7). 
Results and Discussion 
Considerable attention was given to the nitrogen requirement 
of the axillary bud cultures as it was deemed necessary to 
investigate the role of nitrate and ammonium simultaneously 
in a 5 x 5 factorially designed experiment. From the results 
presented in Figure 1 it can be seen that nitrate: ammonium 
ratios of 40:10, 40:20, 40:30, 30:20, 30:30 mM and nitrate 
at 30 mM were near optimal for shoot growth. For the roots 
the optimal nitrogen requirement was more confined. A 
nitrate: ammonium ratio of 40:20 and 30:30 mM gave the 
best growth (Figure 2). The sharp decrease in root and shoot 
growth in the absence of nitrate clearly indicated that ammo-
nium by itself was not a good source of nitrogen. Similar 
results were obtained for cassava callus cultures (Parke 1978). 
The sharp decline in root and shoot growth with ammonium 
levels at 40 mM, irrespective of the concentration of nitrate 
applied, indicated that at this level ammonium became toxic. 
As both root and shoot growth was optimal at a nitrate: 
ammonium ratio of 40:20 mM this level of nitrogen was used 
in the medium devised for cassava axillary bud cultures. 
Phosphate at 4 mM was optimal for the growth and de-
velopment of roots. Shoot growth was maintained over a wide 
range of phosphate concentrations ranging from 2 to 4 mM 
(Figure 3). Phosphate at a concentration of 4 mM was selected 
to be used in the devised medium for axillary bud cultures. Al-
though optimal growth occurred at a phosphate concentration 
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more than three times higher than the phosphate concentration 
of 1 ,25 mM used in the basal MS medium it is not exception-
al. Phosphate at concentrations of 3,75 mM, 5 mM and 12,5 
mM stimulated the growth of cell suspension cultures of 
Nicotiana tabacum, Agrostemma githago and Digitalis 
purpurea respectively (Kato et al. 1972; Takayama et al. 1977; 
Hagimori et at. 1982). The sharp decline in root and shoot 
growth from 4 mM to 8 mM phosphate and the absence of 
any growth at 16 mM phosphate (Figure 3) is indicative of 
the toxic effect of phosphate at such high concentrations in 
vitro. This reduction in growth due to high phosphate concen-
trations can be caused by the inhibition of starch synthesis 
via the allosteric regulation of ADPG-phyrophosphorylase by 
inorganic phosphate (Marschner 1983). 
Potassium was required at appreciably lower concentrations 
than the concentrations in the basal MS medium. The highest 
fresh and dry mass yields of the roots and shoots were ob-
tained at 10 mM potassium (Figure 4). This concentration 
which is half the concentration in the basal medium was used 
in the formulation of the devised medium. A sharp decline 
in the growth of the axillary bud cultures occurred at potas-
sium concentrations higher than 10 mM. Similar growth inhi-
bition reactions were observed in Nicotiana tabacum callus 
cultures at 15 mM (Murashige & Skoog 1962) and Oryza 
sativa cell suspension cultures at 20 mM potassium (Ohira et 
a/. 1975). 
Calcium at a concentration of 1 mM was too low to support 
root and shoot growth. Growth increased considerably with an 
increase from I mM to 4 mM calcium (Figure 5). A further in-
crease in calcium to 16 mM caused a significant decrease in 
shoot and fresh mass. Virtually no change in the fresh mass of 
the roots was recorded. The root and shoot dry mass was not 
appreciably affected by the calcium treatments except for the 
unexpected high shoot dry mass value which was noted at 
16 mM. Although no large differences occurred in the root 
and shoot fresh mass at 4 to 8 mM calcium the concentration 
of 4 mM calcium was used in the devised medium, as the best 
culture growth was observed at this calcium concentration. 
The lack of root and shoot growth at 1 mM and 2 mM 
magnesium is indicative of a magnesium deficiency at these 
concentrations (Figure 6). This deficiency resulted in the total 
inhibition of root development at 1 mM magnesium. The root 
and shoot fresh and dry mass were considerably higher at 
4 mM to 8 mM magnesium than at lower concentrations. 
Further increase in the magnesium concentration resulted in 
a decrease in culture growth. Magnesium at a concentration 
of 8 mM was selected for use in the devised medium. 
Of the micro-nutrients tested, only zinc, iron, molybdenum 
and manganese increased the growth of the axillary bud 
cultures appreciably. 
Figure 7 indicates that the root and shoot growth of the 
cultures increased with an increase in the iron concentration, 
reaching a peak at 100 mM iron. This iron concentration, 
which corresponds to the iron concentration in the BM was 
used in the final devised medium. 
The effect of zinc on the root and shoot growth of the 
cultures was not very pronounced. The fresh and dry mass 
of the roots were affected to the same degree by the various 
zinc treatments (Figure 8). In contrast with the lack of stimula-
tion of root growth at any of the concentrations used, the 
shoot growth was appreciably stimulated at 64 J.1M zinc. This 
zinc concentration was thus used in the devised medium for 
the axillary bud cultures. The zinc concentration of 64 J.1M 
is more than twice the concentration of 29,9 J.tM used in the 
basal MS medium and considerably higher than the zinc 
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Table 4 The formulation of the ortho phosphate treatments and the varia-
tion of other ions in the experimental media 
Volume of 
Phosphate 1,0 M stock Concentration in the final medium (mM) 
concentration dm - 3 
(mM) Nutrient medium (cm3) Ca2 + N03 - NH4 + Total N P043- K + Cl-
KHzP04 I 
KN03 12 12 12 12 
NH4N03 21 21 21 42 
Ca (N03)z 3 3 6 6 
KCI 12 12 12 
Total 3 39 21 60 25 12 
2 KHzP04 2 2 2 
KN03 18 18 18 18 
NH4N03 21 21 21 42 
CaCh 3 3 6 
KCI 5 5 5 
Total 3 39 21 60 2 25 II 
4 KHzP04 4 4 4 
KN03 18 18 18 18 
NfuN03 21 21 21 42 
CaCh 3 3 6 
KCI 3 3 3 
Total 3 39 21 60 4 25 9 
8 KHzP04 8 8 8 
KN03 17 17 17 17 
NH4N03 21 21 21 42 
Ca (N03)z 2 2 
CaCh 2 2 4 
Total 3 40 21 61 8 25 4 
16 KHzP04 16 16 16 
KN03 9 9 9 9 
NH4N04 22 22 22 44 
Ca (N03)z 3 3 6 6 
Total 3 37 22 59 16 25 0 
Table 5 Formulation of the chelated ferrous sulphate treatments 
Concentration of 
the stock Volume of Concentration in the final 
solution stock dm - 3 medium (J.tM) 
Treatment medium 
number Nutrient mg dm- 3 mM (cm3) Fe2 + Na + Cl - sol -
FeS04.7HzO 2780,3 10 5 50 50 
NazEDTA.2HzO 3722,5 10 5 100 
NaCI 584,5 10 30 300 300 
Other 2 5980 1630 
Total 50 402 6280 1680 
2 FeS04.7HzO 2780,3 10 10 100 100 
NazEDT A .2Hz0 3722,5 10 10 200 
NaCI 10 20 200 200 
Other 2 5980 1630 
Total 100 402 6180 1730 
3 FeS04.7HzO 3670,7 10 20 200 200 
NazEDT A.2Hz0 400 
Other 2 5980 1630 
Total 200 402 5980 1830 
4 FeNa.EDTA 3670,7 10 40 400 400 
Other 2 5980 1630 
Total 400 402 5980 1630 
requirements of many other in vitro cultures. This high zinc zinc requirement in hydroponic culture (Howeler eta/. 1976). 
requirement of cassava in vitro is not extraordinary since it Molybdenum and concentrations from 0 to I 1-LM did not 
has been indicated that intact cassava plants have a very high affect the root and shoot fresh and dry mass significantly 
476 
Table 6 Stock solutions and final concentrations of 
the devised medium for the culture of axillary bud 
explants of Manihot esculenta in vitro 
Volume of stock 
Concentration dm - 3 medium Devised medium 
Inorganic nutrients of stock solution (cm3) concentration 
Macro g dm - 3 mM 
N~N03 160 10 20 
KN03 101,1 10 10 
Na N03 17 10 2 
Ca (N03)2AHzO 945 10 4 
Mg so •. 7HzO 197,2 10 8 
Na Hz PO. 55,2 10 4 
Micro mg dm - 3 ~M 
H3B03 620 100 
Mn S0 • .4Hz0 170 10 I 
Zn S0 •. 7Hz0 184 64 
CuSO..SHzO 2,5 10 0,1 
NazMo0 •. 2HzO 970 4 
CoC!z.6HzO 2,4 0,1 
KI 170 I 
FeNaEDTA 3670 10 100 
Organic compounds 
Thiamine HCl 1000 29,6 
Nicotinic acid 100 10 8,1 
Pyridoxine HCl 100 4,9 
Inositol 555 
BA 11,3 10 
NAA 18,6 
Sucrose 87,6 mM 
Agar IOgdm - 3 
Table 7 Balance sheet of the inorganic 
nutrients of the devised and the basal 
medium for the culture of axillary bud 
explants of Manihot escu/enta in vitro 
Concentration 
Nutrients Devised medium Basal medium 
Macro mM mM 
N03 40 39,40 
NH• 20 20,60 
Total N 60 60,00 
p 4 1,25 
K 10 20,10 
Ca 4 2,99 
Mg 8 1,50 
Na 6,102 0,202 
s 8,019 1,730 
Micro ~-tM ~-tM 
Cl 0,048 5980 
B 100 100 
Mn 1,0 IOO 
Zn 64 29,9 
Cu 0,1 0,1 
Mo 4,0 1,0 
Co 0,1 0,1 
I 1,0 5,0 
Fe 100 100 
(Figure 9). At 4 llM molybdenum, root and shoot growth 
was stimulated to such an extent that the fresh mass of the 
roots and shoots increased by more than 100 and 50% respect-
ively. This optimal concentration of 41-LM molybdenum was 
used in the cassava devised medium. The inhibitory effect of 
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/ I / ' 
--------- -- --- ------ - --
' ' 
AMMONIUM (mM) 
Figure 1 The effect of nitrate and ammonium on the shoot fresh and 
dry mass (mg) of Manihot esculent a axillary bud explants after 60 days 
of culture in vitro. 0 = fresh mass, a = dry mass. 
/ I / I 
-----------------------
' ' ' 
AMMONIUM (mM) 
Figure 2 The effect of nitrate and ammonium on the root fresh and 
dry mass (mg) of Manihot esculenta axillary bud explants after 60 days 
of culture in vitro. 0 = fresh mass, a = dry mass. 
... 
0 
0 
:I: 
0 
... 
0 
0 
a: 
1 
STANDARD 
ERROR I FRESH MASS D 
DRY MASS • 
eo~~~--~----7---~--~1~6~~ 
CONCENTFIATION (mM) 
Figure 3 The effect of potassium dihydrogen orthophosphate on the 
root and shoot fresh and dry mass (mg) of Manihot esculenta axillary 
bud explants after 60 days of culture in vitro. 
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1-
0 
0 
l: 
0 
1-
100 
20 
0 40 0 
a: 
60 
STANDARD 
ERROR I FRESH MASS D 
DRY MASS Iii 
CONCENTRATION (mM) 
Figure 4 The effect of potassium chloride on the root and shoot fresh 
and dry mass (mg) of Manihot esculenta axillary bud explants after 
60 days of culture in vitro. 
250 
STANDARD 
ERROR I FRESH MASS 0 
DRY MASS • 
16 
CONCENTRATION (mM) 
Figure 5 The effect of calcium chloride on the root and shoot fresh 
and dry mass (mg) of Manihot esculenta axillary bud explants after 
60 days of culture in vitro. 
high levels of molybdenum on the growth of cassava axillary 
bud cultures in vitro was most probably due to a molybdenum 
induced manganese toxicity. It has been established with 
Lycopersicon esculentum root cultures that manganese concen-
trations adequate for growth in the absence of molybdenum 
became toxic to the root cultures in the presence of 
molybdenum (Hannay & Street 1954). In this experiment the 
optimal molybdenum concentration was four times higher 
1-
0 
0 
l: 
0 
1-
0 
0 
a: 
100 
STANDARD 
ERROR I FRESH MASS D 
DRY MASS. 
2 8 
CONCENTRATION (mM) 
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Figure 6 The effect of magnesium sulphate on the root and shoot 
fresh and dry mass (mg) of Manihot esculenta axillary bud explants 
after 60 days of culture in vitro. 
100 
1- 60 
0 
0 
~ 40 
1-
0 
0 
a: 
20 
STANDARD 
ERROR I FRESH MASS D 
DRY MASS. 
ao~~~--~~--~~--~~--~ 
400 
CONCENTRATION (~M) 
Figure 7 The effect of chelated iron on the root and shoot fresh and 
dry mass (mg) of Manihot esculenta axillary bud explants after 60 days 
of culture in vitro. 
than the molybdenum concentration in the BM. The 
manganese concentration in the BM was 25 times higher than 
the optimal manganese concentration for the axillary bud 
cultures, indicating that such a molybdenum induced mangan-
ese toxicity could occur. 
The manganese requirement of the axillary bud cultures was 
found to be 25 to 100 times lower than the manganese con-
centration in the basal MS medium. The optimal manganese 
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Figure 8 The effect of zinc sulphate on the root and shoot fresh and 
dry mass (mg) of Manihot esculenta axillary bud explants after 60 days 
of culture in vitro. 
200 
160 
..... 120 
0 
0 
J: 80 0 
40 
40 
..... 
0 80 0 
1% 
120 
STANDARD 
ERROR I FRESH MASS D 
DRY MASS • 
CONCENTRATION (._.M) 
Figure 9 The effect of sodium molybdate on the root and shoot fresh 
and dry mass (mg) of Manihot esculenta axillary bud explants after 
60 days of culture in vitro. 
concentration for root and shoot growth was between 1 I!M 
and 4 I!M (Figure 10). The root and shoot fresh and dry mass 
were appreciably higher at the optimal concentrations than 
at higher manganese concentrations. Since root and shoot 
growth were maximal at 4 I!M of manganese, this concentra-
tion was used in the devised medium. 
Iodine is not an essential micro-nutrient but it has growth 
promotive properties and was thus included in the present 
..... 
0 
0 
J: 
0 
..... 
0 
0 
1% 
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STANDARD D 
ERROR I FRESH MASS 
DRY MASS • 
0,25 4 
CONCENTRATION (~) 
Figure 10 The effect of manganese sulphate on the root and shoot 
fresh and dry mass (mg) of Manihot esculenta axillary bud explants 
after 60 days of culture in vitro. 
160 
..... 120 
0 
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J: 80 
0 
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0 
0 
1% 
1 
40 
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ERROR I FRESH MASS 0 
DRY MASS II 
160L---~o-----1L----4~--~16~--~6~4~~ 
CONCENTRATION (~M) 
Figure 11 The effect of potassium iodide on the root and shoot fresh 
and dry mass (mg) of Manihot esculenta axillary bud explants after 
60 days of culture in vitro. 
experiments. Figure 11 indicates that the inhibitory effect of 
iodine on shoot growth gradually increased with the increase 
of the iodine concentration from 0 to 64 J.1M. Since iodine 
at a concentration of 1 I!M stimulated root growth and did 
not adversely affect shoot growth, it was included at this 
concentration in the devised medium. 
Copper and cobalt had no significant growth stimulating 
effect on the roots or shoots of the cassava bud cultures 
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CONCENTRATION (~M) 
Figure 12 The effect of copper sulphate on the root and shoot fresh 
and dry mass (mg) of Manihot esculenta axillary bud explants after 
60 days of culture in vitro. 
1-1 
0 
0 
:I: 
C/) 
1-
0 
0 
a: 
FRESH MAssO 
DRY MASSiiJ 
0,4 1,6 
CONCENTRATION (~M) 
Figure 13 The effect of cobalt chloride on the root and shoot fresh 
and dry mass (mg) of Manihot esculenta axillary bud explants after 
60 days of culture in vitro. 
(Figures 12 & 13). The omission of copper but not cobalt 
resulted in an appreciable decrease in the shoot fresh mass 
but did not adversely affect root growth. The small increase 
in root and shoot fresh mass which occurred in the presence 
of copper and cobalt were not statistically significant. Al-
though the experiments did not indicate that copper or cobalt 
was stimulatory to growth in vitro, both micro-nutrients were 
included in the devised medium since copper is essential to 
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Figure 14 The effect of boric acid on the root and shoot fresh and 
dry mass (mg) of Manihot esculenta axillary bud explants after 60 days 
of culture in vitro. 
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Figure 15 The effect of the devised and basal medium on the root 
and shoot fresh and dry mass (mg) of the axillary bud explants of 
Manihot esculenta cultivars CMC 681.2, MVEN 25, CMC 1964 and 
MBRA 12 after 60 days of culture in vitro. 
the growth of higher plants and cobalt is required in nitrogen 
fixing plants. These two elements were added to the devised 
medium at the same concentrations as they are used in the 
basal medium (0,1 J.LM). 
Boron had very little effect at any concentration from 0 J.LM 
to 128 J.LM on the shoot growth of the cultures (Figure 14). 
Root growth was enhanced to a small extent at 32 J.LM boron. 
Evidence was, however, insufficient to conclude that this 
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concentration was optimal. Since boron is essential for the 
normal metabolism of plant cells and no satisfactory conclu-
sion regarding the boron requirement for cassava axillary bud 
cultures was obtained in this experiment, boron was included 
in the devised medium at the concentration used in the BM 
(100 J!M}. Boron deficiency has been demonstrated in vitro 
(Heller 1965) and it should thus be incorporated in nutrient 
media for in vitro cultures. 
The devised medium consisted of the nutrients selected for 
each experiment. The composition of the devised medium 
compared to the chemical composition of the basal MS 
medium is outlined in Tables 6 and 7. Four cassava cultures 
were used to determine the efficiency of the devised medium. 
The cultivars were MVEN 25, MBRA 12, CMC 681.2 and 
CMC 1964. Figure 15 indicates that the growth of all four 
cultivars was better on the devised medium than on the BM. 
The major differences between the two media are the large 
increase in the concentrations of phosphate, magnesium, zinc 
and molybdenum, and the lower concentrations of potassium, 
manganese and iodine in the devised medium. The chlorine 
concentration in the devised medium was very low due to the 
substitution of calcium chloride with calcium nitrate. The high 
sulphate and sodium concentrations in the devised medium 
resulted from the high magnesium sulphate concentration and 
the use of sodium nitrate to increase the nitrate concentration 
in the devised medium. 
From Figure 15 it is evident that large differences in growth 
occurred between the four cultivars on both nutrient media. 
Similar differences in the growth of cassava callus cultures 
were encountered with the cultivars Columbia No. 800 and 
Mexico No. 35. The cultivars Llanero and CMC 76 were 
found to differ in their greening response on the same nutrient 
medium (Parke 1978). It was also reported that the rooting 
characteristics of different cassava cultures differed substantially 
in vitro on the same nutrient medium (Eskes et a/. 1974). 
The root and shoot growth of Manihot esculenta axillary 
bud cultures were improved on a devised MS medium. 
Growth of roots and shoots could not be regulated separately 
so as to grow plants with well balanced root and shoot 
systems. The large differences in growth between different 
cultivars on the same nutrient medium can be an indication 
of unique nutrient requirements of the different cultivars since 
such growth differences may be a genetic trait acquired due 
to breeding. 
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